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Abstract

DuckyHelper is a voice tutor for learners of any age and subject. It runs as a Mac app that can
see and draw on the learner’s screen, and as a web app, Eddy, that teaches on its own desk. This
white paper describes how the tutor is designed from published learning science. We take ten
findings, from Bloom’s two sigma result to the risk of unguarded AI help reported by Bastani et
al. (2025), and for each one describe the teaching rules and the interface tools that put it into
practice. The tutor is trained on 1,000,000+ tutoring examples, and its design is inspired by 100+
learning-science papers; this paper cites the ones each design choice rests on. We then describe
where the principles pull against each other and against a fast product. DuckyHelper has not been
evaluated in a controlled study. This paper reports no learning outcomes, no usage numbers and
no benchmark scores of our own. Every number in it belongs to the study that reported it.

Keywords: Al tutoring, learning science, intelligent tutoring systems, retrieval practice, spaced repetition, worked
examples, multimedia learning, scaffolding

1 Introduction

Getting an answer has never been easier. Learning how to get it has not changed. In a field
experiment with high school math students, Bastani et al. (2025) found that a plain GPT-4 chat
raised grades during practice and lowered them on the exam once it was taken away, while a
version built to protect learning largely avoided the harm:

“unfettered access to GPT-4 can harm educational outcomes”
(Bastani et al., 2025)

The opposite case is old. Bloom (1984) reported that students taught one on one by a tutor did
about two standard deviations better than students in a regular class, and that such tutoring
was

“too costly for most societies to bear on a large scale”
(Bloom, 1984)

DuckyHelper is our attempt at a tutor for anyone that is a tutor, not an answer machine: built
to teach, and trained to teach. This paper explains what that means in the design. Section
2 describes the tutor. Section 3 takes ten principles from learning science and, for each, the
evidence and what the tutor does about it. Section 4 covers the tensions between them. Section
5 lists what this paper does not show.
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2 The tutor

2.1 Two surfaces, one tutor

In the Mac app, the learner presses fn and talks. A small pill opens at the bottom of the screen.
While it is open, the tutor, called Ducky there, keeps a small current view of the screen, so it
can answer about the exact thing the learner means. It can point at and draw on the learner’s
real screen over any app, walk them through steps in their own apps while watching their clicks

and typing, and open cards in the pill: quizzes, hints, worked steps, graphs, simulations and
flashcards.

In the web app at app.duckyhelper.com, the tutor is called Eddy. It never sees the learner’s
screen. It teaches on its own desk: a blackboard that it draws on in time with its voice, pictures
it labels part by part, quizzes and flashcards beside them, and a reader for articles and books.
Both share one account, one memory of the learner and one set of flashcards.

2.2 Three layers

We describe the design in three layers. The model is trained on 1,000,000+ tutoring exam-
ples. The teaching rules are written instructions the tutor follows in every session; this paper
describes them in our own words. The tools are the pieces of interface the tutor can open for
the learner, named here as the learner sees them. A principle usually shows up in all three.

IN DUCKYHELPER

The tutor starts from what the learner thinks: a question first, then a hint or a guiding ques-
tion, and the learner takes the next step. It praises effort and the specific good moves the
learner makes.
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3 Ten principles and what the tutor does

Table 1. Each principle, the core evidence and the behaviour it drives. Mac = Mac app only.

Principle Core evidence What the tutor does
Teach one on one (Bloom, 1984; VanLehn, 2011) A live voice tutor for one learner;
asks before it explains
Guide, don’t hand over (Bastani et al., 2025; Macina et Try first; hints before answers
answers al., 2023a)
Scaffold, then fade (Wood et al., 1976; Kalyuga et Hint ladder (Mac); tutorials that
al., 2003) wait for each step (Mac)
Worked examples first (Sweller & Cooper, 1985; Worked steps, one move each;
Atkinson et al., 2000) similar examples
Pictures with words (Mayer & Moreno, 2003; Fiorella Draws on the screen (Mac) and
& Mayer, 2016) on the blackboard as it talks
Retrieval practice (Roediger & Karpicke, 2006; A check question after each step;
Karpicke & Roediger, 2008) quizzes
Spaced practice (Cepeda et al., 2006; Dunlosky et  Flashcards on a spaced schedule;
al., 2013) misses become cards
Interleaving (Rohrer & Taylor, 2007; Kornell Reviews mix due cards across
& Bjork, 2008) topics; mixed quizzes on request
Self-explanation (Chi et al., 1994a; Chi & Wylie, Asks what you think; writes your
2014) spoken steps on the whiteboard
(Mac)
Feedback on the task (Hattie & Timperley, 2007; Not quite and whys; the first
Kluger & DeNisi, 1996) wrong line; a mark on the exact
step

3.1 Teachoneonone

Evidence. Bloom’s result has been revisited many times and the effect is smaller than two
standard deviations in larger reviews, but it is real. VanLehn (2011) found human tutoring at
an effect size of 0.79 and step-based computer tutors close to it, and Nickow et al. (2024) found
a pooled effect of 0.288 standard deviations across randomized tutoring programs for children.
How tutors interact matters. In Chi et al. (2001), tutors were told to stop explaining and only
prompt, and their students learned as well:

“students learned just as effectively even when tutors were suppressed from giving explanations
and feedback”
(Chi et al., 2001)

Design. The tutor talks with one learner at a time, out loud, and its rules make every lesson a
dialogue. It infers the learner’s level from their words and their page, speaks their language, and
remembers how they learn between sessions (Memory) and which slips they make (Mistakes).

IN DUCKYHELPER

Every lesson goes back and forth. Before a big topic the tutor asks what the learner already
knows, then explains in short steps and asks a quick question after each one, waiting for
the answer before moving on.
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3.2 Guide, don't hand over answers

Evidence. In Bastani et al. (2025), grades during practice rose 48% with the plain chat and
127% with the guarded tutor; on the exam without AL the plain chat group did 17% worse than
students who never had access. The authors wrote:

“These negative learning effects are largely mitigated by the safeguards in GPT Tutor”
(Bastani et al., 2025)

Language models are good solvers and poor teachers by default; Macina et al. (2023a) found
they reveal solutions too early. In older tutoring systems, students who used hints only to reach
answers learned much less (Baker et al., 2004).

Design. The rules separate questions of fact, which get a short answer and one small next step,
from problems the learner is learning to solve:

IN DUCKYHELPER

On homework and graded work the tutor does not hand over the final answer. The learner
tries first and is then guided one step at a time. A learner who is truly stuck works through
a similar problem with the tutor, then goes back to their own.

Our companion white paper, Hints before answers, covers this principle in detail.

3.3 Scaffold, then fade

Evidence. Wood et al. (1976) described the tutor taking over the parts of a task beyond the
learner, so the learner can finish the rest. Vygotsky (1978) located useful help in

“the distance between the actual developmental level as determined by independent problem
solving”
(Vygotsky, 1978)

and the level reached with guidance. Strong guidance helps beginners (Kirschner et al., 2006),
but the same help can stop working as skill grows (Kalyuga et al., 2003).

Design. In the Mac app, a learner stuck on a problem gets a hint ladder they open one rung at
a time: a nudge, a bigger hint, the worked step, and the answer last. Hints used count against
the tutor’s estimate of their mastery of that skill. Step-by-step tutorials in the learner’s own apps
move on only when the learner has really done the step, and “watch me, then you” demonstrates
once and then hands over control.

3.4 Worked examples first

Evidence. For beginners, studying solved problems beats solving them unaided. Sweller and
Cooper (1985) found that

“subsequent problems similar to the initial ones also were solved more rapidly”
(Sweller & Cooper, 1985)

and Atkinson et al. (2000) advise placing examples next to matched practice. Renkl (2014)
calls examples a very effective means of initial skill acquisition.
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Design. Worked steps come as 3 to 6 steps, one move each, each explaining what changes and
why. On homework they stop where the learner is, with a hint for what comes next, and a stuck
learner gets a similar problem worked with them rather than their own.

IN DUCKYHELPER

On homework, worked steps stop where the learner is and add a hint for the next step,
instead of showing the whole solution.

3.5 Pictures with words

Evidence. Mayer and Moreno (2003) summarize multimedia learning as building connections
between pictures and words, and list ways to keep either channel from overloading. Watching an
instructor draw beat seeing finished diagrams for learners with little prior knowledge (Fiorella
& Mayer, 2016).

Design. In the Mac app the tutor draws on the learner’s own screen, one mark at a time, and
points whenever it says “this”. On Eddy’s blackboard, speech and drawing are locked together:

IN DUCKYHELPER

On the blackboard, each sentence is heard just as its drawing appears, so speech and pic-
ture stay in step.

Our companion design note, Showing, not telling, covers the screen pen in detail.

3.6 Retrieval practice

Evidence. Testing is a way to learn, not just to measure. In Roediger and Karpicke (2006), stu-
dents who took a practice test recalled 56% of a passage after a week, against 42% for students
who re-read it, and in Karpicke and Roediger (2008)

“Repeated studying after learning had no effect on delayed recall, but repeated testing produced
a large positive effect”
(Karpicke & Roediger, 2008)

Design. Check questions are built into how the tutor talks: one after each step, one after
explaining a page, and a recap with a question at the end of every lesson. Quizzes open in
the moment with multiple choice, true or false, typed math, blanks, ordering, matching and
labelling.

IN DUCKYHELPER

Quick spoken questions and short quizzes come up throughout a session, not only at the
end.

3.7 Spaced practice

Evidence. Across 317 experiments, spaced study beat massed study, and the best gap grew with
how long the memory had to last (Cepeda et al., 2006). Dunlosky et al. (2013) rated distributed
practice, with practice testing, as the most useful of ten techniques.

Design. Flashcards are scheduled with FSRS-5, an open spaced repetition algorithm, at its
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default parameters and a 90% target recall: each card returns when the learner would likely
still remember it about nine times in ten, and the gap grows each time they do. A forgotten
card returns within the same review. Missed quiz questions become flashcards by themselves,
and when cards are due the tutor offers a short review early in the session.

3.8 Interleaving

Evidence. Mixing problem types in practice helped learners on a later test in Rohrer and Tay-
lor (2007), and mixing examples helped people learn categories in Kornell and Bjork (2008),
although it felt less fluent. Dunlosky et al. (2013) rate the evidence as moderate.

Design, and a gap. A review started without choosing a deck pulls every due card across topics,
most overdue first, so it mixes subjects. Quizzes are written on request and can be asked for
mixed. The tutor does not yet plan interleaved practice by itself.

3.9 Self-explanation

Evidence. Strong students explain worked examples to themselves (Chi et al., 1989), and
prompting eighth graders to self-explain a text improved their learning (Chi et al., 1994a). In the
ICAP framework, learning rises from passive to active to constructive to interactive engagement
(Chi & Wylie, 2014).

Design. The tutor asks what the learner thinks before explaining and asks a question after each
step. In the Mac app, when a learner talks through their own steps, the rules have the tutor
write each step on a shared whiteboard as it is said and check the math at once. There is no
separate “explain it back” mode yet.

3.10 Feedback on the task

Evidence. Feedback is powerful (Hattie & Timperley, 2007) and should be

“nonevaluative, supportive, timely, and specific”
(Shute, 2008)

but it is not automatically good: over 38% of the effects in Kluger and DeNisi (1996) were
negative, and

“FI effectiveness decreases as attention moves up the hierarchy closer to the self and away from
the task”
(Kluger & DeNisi, 1996)

Design. A wrong quiz answer gets “Not quite” and a one-sentence why; the math check in the
Mac app names the first wrong line; the pen can circle the exact step on the learner’s page. The
rules keep feedback on the work:

IN DUCKYHELPER

When something is wrong, the tutor first says what went right, then points to the exact step
that went wrong.
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4 Tensions

41 A fast product and effortful learning

We treat speed as a core product value: the tutor should start answering quickly and never make
the learner wait on chrome. Learning science warns that the feeling of ease is not learning.
Students in active classes learned more and felt they learned less (Deslauriers et al., 2019), and
conditions that make practice harder can make it last (Bjork, 1994). We resolve this by being
fast at everything except the learner’s own thinking: facts are answered at once, the interface
responds at once, and the effort we keep is the effort of trying a step.

4.2 Help that fades

The expertise reversal effect (Kalyuga et al., 2003) means a fixed amount of help is wrong for
most learners. Rather than guess, the hint ladder lets the learner choose how much help to open,
one rung at a time, and the tutor pitches explanations at the level it infers from the conversation.

4.3 Hints as a shortcut

Any hint system can be used to dig for the answer (Baker et al., 2004). The answer sits on the
last rung, the rules hold it back until the learner asks twice, and hints used lower the tutor’s
mastery estimate, which keeps the skill in practice.

IN DUCKYHELPER

The hint ladder is climbed one rung at a time, and the answer is held back until the learner
asks for it a second time.

4.4 Beingright

A tutor that is wrong teaches the wrong thing, and language models make math errors while
tutoring (Miller & DiCerbo, 2024; Daheim et al., 2024). The rules require the tutor to work the
math itself before judging the learner, the Mac app checks math line by line with a computer
algebra system, and uncertain facts are looked up, with the sources shown to the learner.

IN DUCKYHELPER
Before telling a learner whether their math is right, the tutor works the problem out itself.

5 Limits

* No outcome evidence yet. DuckyHelper has not been evaluated in a controlled study.
This paper reports no learning outcomes, no usage numbers and no benchmark scores of
our own. Every number in it belongs to the study that reported it.

* Rules are instructions, not guarantees. The teaching rules are instructions to a language
model. A model can fail to follow an instruction, and we have not measured how often
this happens.

* Different learners, different tools. Most of the research cited here was done with other
populations and other tools. That it carries over to a voice tutor is a design bet, not a
finding.
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* Some features are Mac only. Seeing and drawing on the screen, the hint ladder, the
math check and the shared whiteboard are in the Mac app; the web app teaches on its
own desk.

A fair test of a tutor like this would follow Bastani et al. (2025): randomly assign learners, and
measure what they can do later without the tool, not how well they do while using it.

6 Conclusion

The research on how people learn is unusually consistent on a few points: learners do best
with a guide who makes them think, examples before problems, pictures with words, frequent
retrieval, spaced review and feedback on the task. Each is easy to state and easy to lose in an
Al that is built to answer. DuckyHelper is built to keep them. Whether it succeeds is a question
for a study, and we will publish what it finds.
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